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Q1.A student investigated the effect of chewing on the digestion of starch in cooked wheat. 


He devised a laboratory model of starch digestion in the human gut. This is the method he 
used. 


1. Volunteers chewed cooked wheat for a set time. The wheat had been cooked in 
boiling water. 

2. _ This chewed wheat was mixed with water, hydrochloric acid and a protein-digesting 
enzyme and left at 37 °C for 30 minutes. 

3. | A buffer was then added to bring the pH to 6.0 and pancreatic amylase was added. 
This mixture was then left at 37 °C for 120 minutes. 

4. Samples of the mixture were removed at 0, 10, 20, 40, 60 and 120 minutes, and the 
concentration of reducing sugar in each sample was measured. 

5. Control experiments were carried out using cooked wheat that had been chopped up 
in a blender, not chewed. 


(a) | What reducing sugar, or sugars, would you expect to be produced during chewing? 
Give a reason for your answer. 


(2) 
(b) In this model of digestion in the human gut, what other enzyme is required for the 
complete digestion of starch? 
(1) 
(c) | What was the purpose of step 2, in which samples were mixed with water, 
hydrochloric acid and pepsin? 
(1) 
(d) In the control experiments, cooked wheat was chopped up to copy the effect of 
chewing. 
Suggest a more appropriate control experiment. Explain your suggestion. 
(2) 


(e) The figure below shows the student’s results. 


300 


250 





Mean 200 
concentration of 
reducing sugars 
in samples of 

cooked wheat / j 
mg g-" 100 47 





Chopped cooked wheat 
150 






0 20 40 60 80 100 120 
Incubation time / minutes 


Explain what these results suggest about the effect of chewing on the digestion of 
starch in wheat. 


(3) 
(Total 9 marks) 


Page 3 


Q2.Some people have a medical condition called pancreatitis. This can lead to their pancreatic 
duct becoming blocked. As a result, a high concentration of amylase is found in their 


blood. 


At 12-hour intervals, a doctor measured the concentration of amylase in the blood of a 
person suffering from a blocked pancreatic duct. He also measured the concentration of 
amylase in the blood of a healthy person. 


The figure below shows his results. 


Concentration of amylase in the blood / arbitrary units 


Person with blocked pancreatic duct Healthy person 
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The changes in concentration of amylase in the blood of a person with a 
blocked pancreatic duct are different from those of a healthy person during the 
period shown in the figure above. 


Describe two of these differences. 


(2) 


In a person with a blocked pancreatic duct, starch digestion is affected. 
Explain how. 


(2) 
(b) Healthy people have amylase in their blood. This does not cause any harmful 
effects in the body. 
Explain why. 


(2) 
(c) Pancreatitis can lead to the release of protein-digesting enzymes into the blood. 
This is harmful to the body. 
Suggest one reason why. 
(2) 


(Total 8 marks) 


Q3.Scientists investigated the effect of lipase and a 3% bile salts solution on the digestion of 
triglycerides. The graph below shows their results. 
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(a) | Describe what curve Y shows about the effect of lipase and bile salts on the pH of 
the mixture. 


(2) 
(b) The concentration of lipase did not change during the course of the investigation. 
Explain why. 
(1) 
(c) One of the scientists decided to repeat the investigation at a temperature 10°C 
below the original temperature. 
Describe how you would expect his plotted curve to be different from curve Z. 
(1) 


The scientists also incubated triglycerides with different concentrations of bile salts. After 
30 minutes they measured the diameter of the triglyceride droplets. They used the results 
to calculate the mean radius of the droplets at each concentration. The table below shows 
their results. 


Concentration of bile 
salts /% 


Mean radius of 
triglyceride droplet / um 





Page 6 


(d) | Describe how you would use a microscope to find the mean diameter of triglyceride 
droplets on a slide. 


(3) 


(e) (i) |The ratio of mean radius of triglyceride droplets in bile salts at a concentration 
of 0% to the mean radius in bile salts at a concentration of 3% is 2: 1. 


What is the ratio of their surface areas? Show your working. 

You can calculate the surface area of a droplet from the formula 
A = 4ar 

Where A = surface area 


r = radius 
a =3.14 


(2) 
(ii) | Use the data in the table to explain the difference between curves Y and Z in 
the graph. 


(3) 
(Total 8 marks) 


Q4. (a) | Dietary recommendations are that lipid intake should make up 30% of energy 
intake. The recommended energy intake for most women aged 19-49 is 8100 kJ 
day-.The energy content of lipid is 37.8 kJ g~. Calculate the recommended lipid 
intake per day for these women. Show your working. 


ANSWET scipctnexscoensintenictscerdeniearetccarncnedre: g 
(2) 
In humans, triglycerides are the main form of dietary lipids. They are digested in the gut 
and the products of digestion are absorbed by the small intestine. 
S (b) Describe a biochemical test that could be performed on a sample of food to 
determine whether it contained triglycerides. 
(2) 


(c) The diagram shows the events that occur in the absorption of monoglycerides and 
fatty acids. These molecules enter the epithelial cells of the small intestine by 
diffusion. Once inside they are reassembled into triglycerides in organelle Q. The 
triglyceride molecules are formed into chylomicrons in organelle T. Chylomicrons 
are made from many triglyceride molecules surrounded with protein molecules. The 
chylomicrons leave the cell and enter vessel S. 


Page 8 


Epithelial cell 





(i) Explain the importance of the structures labelled P. 


(1) 
(ii) Name 
a A ME ETIA EEE E A ERA 
na E E E E E 
(2) 
(iii) Describe the role played by organelle U in the formation of chylomicrons. 
(2) 
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S (iv) Suggest how the chylomicrons leave the epithelial cell. Give a reason for your 


























answer. 
(2) 
(Total 11 marks) 
Q5. The diagram shows an epithelial cell from the small intestine. 
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(a) (ìi) Name organelle Y. 


(1) 


(ii) | There are large numbers of organelle Y in this cell. Explain how these 
organelles help the cell to absorb the products of digestion. 


(2) 
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(b) This diagram shows the cell magnified 1000 times. Calculate the actual length of 
the cell between points P and Q. Give your answer in um. Show your working. 


ANSWED .......cccccecceeecceeceeeseeeeeeeeess 
(2) 
(c) Coeliac disease is a disease of the human digestive system. In coeliac disease, the 
structures labelled Z are damaged. 
Although people with coeliac disease can digest proteins they have low 
concentrations of amino acids in their blood. 
Explain why they have low concentrations of amino acids in their blood. 
(2) 


(Total 7 marks) 
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Q6. The diagram shows part of the gut wall of an animal. 











(1) 


(ii) | Describe the function of the layer labelled Y. 


(2) 
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(b) Describe and explain how two features shown in the diagram increase the rate of 
absorption of digested food. 


Feature 1 


Description 


Feature 2 


Description 


Sa cde diate Soca PEA A AE AN POEA E oho ebied O gun ed EENE E EES eaten i 
(Total 7 marks) 


Q7.(a) Describe the role of the enzymes of the digestive system in the complete breakdown 
of starch. 


(5) 
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(b) Describe the processes involved in the absorption of the products of starch 
digestion. 


(5) 
(Total 10 marks) 


Q8. The diagram shows one method by which amino acids are absorbed from the small 
intestine into the blood. They are co-transported into the epithelial cell with sodium ions 
(Na:) at point X on the diagram. Normally, the concentration of sodium ions inside the 
epithelial cell is low. 
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Dinitrophenol (DNP) prevents oxidative phosphorylation. When treated with DNP, the 
sodium-potassium pump at Y no longer works. As a result, the concentration of sodium 
ions in the cell rises and amino acid absorption stops. 


(i) Explain why pump Y will not work in the presence of DNP. 


(2) 


(ii) Explain why sodium ions and amino acids are not absorbed from the lumen of the 
small intestine in the presence of DNP. 


(2) 


Page 15 


(iii) | By what mechanism would amino acids leave the epithelial cell at point Z? 


(1) 
(Total 5 marks) 


Q9. Lactose is a disaccharide found in milk. In the small intestine, it is digested into 
glucose and galactose by the enzyme lactase. Molecules of lactase are located in the 
plasma membranes of cells lining the small intestine. 


(a) What evidence in the paragraph suggests that galactose is a monosaccharide? 


(1) 
(b) (i) Name one other digestive enzyme that is located in the plasma membranes 
of cells lining the small intestine. 
(1) 
(ii) Give an advantage of lactase and other digestive enzymes being located in 
the plasma membranes of cells lining the small intestine, rather than being 
secreted into the lumen of the small intestine. 
(1) 
(c) The absorption of galactose from the small intestine is reduced if the absorbing cells 
are treated with a respiratory inhibitor, such as cyanide. Suggest an explanation for 
this. 
(2) 


(Total 5 marks) 
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Q10. S The figure below shows the processes involved in absorbing amino acids into 
a capillary from the small intestine. 


Lumen of Wall of Interstitial Capillary 
small intestine small intestine space 
———— OO M- 





(i) Name processes A, B and C. In each case, give the evidence for your answer. 


A PROCESS ee sateccesctecicaeecasecesacken tees A 
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(3) 


(ii) Explain how process B creates the conditions for process A to occur. 


(2) 
(Total 5 marks) 
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M1.(a) 


M2.(a) 


1. Maltose; 


2. Salivary amylase breaks down starch; 


Maltase; 


(Mimics / reproduces) effect of stomach; 


1. Add boiled saliva; 


2. Everything same as experiment but salivary amylase denatured; 


2 
1. | Some starch already digested when chewing / in mouth; 
2. Faster digestion of chewed starch; 
3. | Same amount of digestion without chewing at end; 
Accept use of values from graph 
3 
[9] 
(i) | For person with pancreatitis / blocked pancreatic duct: 
1.  AtO h / start higher than healthy person / higher than healthy 
person throughout; 
2. Rises then falls whereas healthy person falls then rises; 
3. | At48h/ end, below the starting value whereas healthy person is 
the same (as at start); 
Differences required for all points 
2 max 


(ii) 1. Little / less / no amylase can enter small intestine; 
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Accept gut or intestine but reject wrong locations e.g. 
stomach 


2. Little / less / no starch digested (in intestine); 


(b) 1. Amylase is specific (to starch); 


2. No starch in human blood / cells / tissues / starch only in plants; 


(c) 1. Could digest own body / own proteins; 


e.g. ‘could digest carrier proteins in body cells’ would score 2 
marks 


e.g. ‘could digest antibodies in blood’ would also score 2 
marks 


2. Example of protein digested e.g. membrane protein, antibody, named 
protein in blood; 


Do not credit unsuitable example such as muscle proteins 


[8] 


M3. .(a) | pH goes down and levels out; 
after 30 min / pH 6.5; 


(b) Enzyme not used up in reaction; 


(c) Curve will be less steep: 
Only accept answers relating to curve not rate of reaction 


(d) Measure with eyepiece graticule / scale; 
Calibrate with stage micrometer / scale on slide / object of known size; 
Repeats and calculate the mean; 
OR 
Use a ruler to estimate the field diameter under microscope; 
How many droplets go across the field; 
Repeats and calculate mean; 


Accept references to radius 
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M4. 


(e) (i) Two mark for correct answer of 4 : 1;; 


(ii) 


One mark for incorrect answer but working shows that candidate has clearly 
attempted to compare values of r? / 62 and 32/ 36 and 9; 


Idea of comparing ratios 
A ratio of 1 : 4 should gain 1 mark 


2 
Small droplets have a larger surface area to volume ratio; 
More surface for lipase (to act), leading to faster digestion of triglycerides; 
Fatty acids are produced more quickly so pH will drop more quickly in curve Y 
/ with bile salts / less fatty acids in curve Z / without bile salts so pH drop more 
slowly; 
3 
[12] 
(a) | Two marks for correct answer of 64.285 / 64.3 / 64; 
(allow 1 mark for (8100 / 100 x 30) / 37.8) 
2 
dissolve in / add ethanol then mix with water; 
emulsion / white colour indicates triglycerides present; 
2 
(i) increase the surface area for absorption; 
(ignore wrong ref. to name) 
1 
(ii) | R= tissue fluid / interstitial fluid / extracellular fluid / intercellular space; 
S = lymph(atic) vessel / lymph capillary / lacteal; 
2 
(iii) | proteins are synthesised by U; 
involvement of ribosomes; 
protein isolation / transport (inside RER); 
vesicle formation; 
2 max 
(iv) exocytosis / description of; 
because of size / too large to leave by other methods; 
2 
[11] 
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M5. (a) (i) Mitochondrion; 
Neutral: cristae 


(ii) (Site of aerobic) respiration / ATP production / energy release; 
Q Reject: anaerobic respiration 
Q Reject: energy produced 


Active transport / transport against the concentration gradient; 
Accept: energy produced in the form of ATP 


(b) 89-91 gains 2 marks; 
Correct answer gains 2 marks outright 


Principle of: 


correct measured length 
magnification gains 1 mark; 
89-91 (mm) / 1000 or 8.9-9.1 (cm) / 1000 gains 1 mark 


(c) Suitable explanation given e.g. 
Accept: converse arguments 


Reduced surface area; (So) less absorption; 
Neutral: structure Z incorrectly named 


(Membrane-bound) enzymes less effective; 
(So) proteins / polypeptides not digested; 


Reduced surface area for absorption gains 2 marks 


Cell membranes damaged; 
(So) Fewer / less effective carrier / channel proteins; 


Accept: references to diffusion and active transport for 
‘absorption’ 


Carrier / channel proteins damaged; 
(So) less absorption; 
Reject: active transport if linked to channel proteins 


[7] 
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M6. 


(b) 


M7.(a) 


(a) (i) villus; (reject microvilli 


(ii) | contracts / peristalsis; 
moves / pushes / forces food through gut; 


many / projecting villi (X) (no double penalty for microvilli); 

large surface area (for absorption); 

large / good blood supply / many capillaries / blood vessels; 

maintains concentration gradients / efficient removal of digested products; 
thin outer layer / blood vessels near to surface; 

short diffusion pathway; 





4 max 
[7] 
Amylase; 
(Starch) to maltose: 
Maltase; 
Maltose to glucose; 
Hydrolysis; 


(Of) glycosidic bond; 
Q Do not penalise incorrect site for digestion or incorrect site 


of enzyme production. 
5 max 


Glucose moves in with sodium (into epithelial cell); 
Via (carrier / channel) protein / symport; 


Sodium removed (from epithelial cell) by active transport / sodium- potassium 
pump; 


Into blood; 


Maintaining low concentration of sodium (in epithelial cell) / maintaining 
sodium concentration gradient (between lumen and epithelial cell); 


Glucose moves into blood; 


By (facilitated) diffusion; 


Q Only allow diffusion mark in context of movement of 


glucose into the blood. 
5 max 
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[10] 


M8. (i) Lack of ATP; 
Pump = active transport / requires energy / ATP provides energy / 
transport is up 
concentration gradient; 


2 
(ii) | Concentration of Na+ inside cell no longer less than concentration in 
gut lumen / no longer a concentration gradient; 
No (facilitated) diffusion of NA+ ions possible / amino acid absorption 
requires diffusion of Na: ions into cell; 
2 
(iii) Diffusion / facilitated diffusion; 
1 
[5] 
M9. (a) Digestion / hydrolysis / breakdown of a disaccharide into monosaccharides; 
OR 
(glucose and galactose form lactose) glucose is a monosaccharide; 
max 1 
(b) (i) Dipeptidase / disaccharidase / named disaccharidase; 
1 
(ii) Enzymes not lost (with gut contents) / more effective absorption 
of products formed by these enzymes; 
1 
(c) No ATP formed / no energy released by respiration; 
[reject “making” energy] 
Link ATP to active transport (of galactose) into cells; 
2 
[5] 
M10. (i) In all cases reject ‘energy’ unless qualified 
A-— facilitated diffusion as transport protein needed but ATP not needed; 
B- active transport ‘energy’ unless as (transport protein and) ATP needed; 
qualified 
C — (simple) diffusion as neither ATP nor transport protein needed; 
(Ignore all references to concentration gradients) 
3 
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(ii) | creates low concentration of amino acids / Na: in cell concentration gradient 
established between lumen and cell (of amino acids or Na’) 


[5] 
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